Medication adherence remains a critical link between the prescribed ART regimen and treatment outcome. Several factors may influence adherence behavior. This cross-sectional study aimed to highlight socioeconomic predictors of adherence behavior among a cohort of 242 adult Malaysian patients receiving antiretroviral therapy in Hospital Sungai Buloh, Malaysia, where they were enrolled in a parent study (single-blinded randomized controlled trial) between January and December 2014. Statistical analysis of secondary data on adherence behavior and sociodemographic characteristics of the patients revealed mean age of 33.4 years and ranged from 18 to 64 years; 88.8% were males. A total of 224 (93%) patients who completed 6 months' adherence assessment were included in the model. Of these, 135 (60.3%) achieved optimal adherence. Multivariate binary logistic regression analysis revealed that patient's income and ethnicity were significant predictors of adherence behavior. This may be valuable for targeted programmatic interventions to further enhance successful treatment outcomes among the target population.
Background
Adherence to antiretroviral therapy (ART), like other health behaviour, is generally believed to be influenced by a variety of factors, including those extrinsic to the individual and those that are intrinsic. 1 Intrinsic factors include demographic factors (such as age, gender, and ethnic status), social factors (such as learning, reinforcement, modeling, and social norms), socioeconomic/environmental factors (such as income and access) and emotional factors (such as anxiety, stress, tension, and fear). An understanding of patient-related factors (such as personal and family circumstances) that affect adherence is important in helping clinicians to identify potential problems with adherence and planning patient-specific interventions to address them. In addition to these factors, sociodemographic and economic factors have occasionally been significantly but inconsistently associated with patient's adherence behaviour, in several studies. [2] [3] [4] However, where an association is established, it has consistently shown that younger age, non-white race/ethnicity, lower income and literacy level, and insecure housing are associated with nonadherence in resource-rich settings. Conversely, gender, insurance level and HIV risk factors are generally not associated with adherence behavior. [4] [5] [6] In most Asian studies, demographic factors (race/ethnicity, gender, age) have been infrequently and inconsistently associated with adherence behaviour. More consistent associations have been reported between adherence behavior and social (literacy level, travel time, stigma, non-HIV disclosure, alcohol/substance use) and economic factors (income, cost of antiretrovirals, availability of health insurance), particularly in resource-limited settings across Thailand, Nepal, India, China, Cambodia, and Malaysia. 7 Given that forgetfulness 8 and changes in daily routine 9 are often cited as the main reason for poor adherence in most settings, particularly with multiple dosing regimens, 10 it appears therefore, that all things being equal, the most important determinants of adherence behavior are patient related. 8 A patient's adherence behavior is a very critical link between the prescribed ART regimen and treatment outcome. When a patient is nonadherent, it is very likely that even the most effective regimens will fail. 11, 12 Poor or suboptimal adherence has often been associated with virological failure and poor immunologic response. 13, 14 Over the recent past years, varying patterns of relationship have been described in literature on the association between adherence behavior and independent predictors, although inconsistencies have also been reported between different epidemics (concentrated vs generalized) and economies (low, middle, and high). 15 This paper aims to highlight socioeconomic predictors of adherence behavior among a cohort of Malaysian patients receiving ART, in a parent study whose overall objective was to determine whether the introduction of mobile phone reminders (SMS and telephone call reminders) and peer counseling can significantly improve adherence and treatment outcomes among HIVpositive patients on ART.
Methods

Study Location and Context
Malaysia is a multiethnic country (with Malay majority and Chinese and Indian minorities) currently witnessing an evolution from a concentrated to a generalized epidemic. In recent years, sexual transmission (homosexuals/men who have sex with men and heterosexual) appear to have superseded injecting drug use as the major driver of the epidemic. The current study was conducted among patients (predominantly male homosexuals) who were newly initiated on ART in Hospital Sungai Buloh-a government hospital and the largest infectious disease hospital in Malaysia. It has over 8000 HIV positive patients on treatment and care (including annual average of 500 new ART starts from 2010 to 2014), accounting for 35% to 40% of the 21 654 patients currently on highly active antiretroviral therapy (HAART) in various centers across Malaysia, as at 2014.
Study Design
This was a cross-sectional study in which statistical analysis of secondary data on adherence behavior and sociodemographic characteristics of 242 adult Malaysian patients receiving ART was conducted using SPSS version 22 and R Software. Randomized study subjects were enrolled in a parent study (single-blinded randomized controlled trial) in Hospital Sungai Buloh, Malaysia between January and December 2014. Intervention consisted of a reminder module delivered through SMS and telephone call reminders by trained research assistants for 24 consecutive weeks, in addition to adherence counseling at every clinic visit. Multivariate regression models were used to determine socio-economic predictors of adherence behavior at trial end-point (after 6 months' follow-up period).
Ethical Approval and Consent to Participate
The parent study was registered with ClinicalTrials.gov, NCT02677675. Written approval for conducting this study was obtained from Universiti Putra Malaysia (UPM) Ethics committee for Human Research (UPM/TNCPI/RMC/1.4.18.1 (JKEUPM)/F1) and the Malaysian Ministry of Health's Institutional Review and Ethics Committee (NMRR-13-882-17412), prior to the commencement of the study. Informed consent was obtained from all individual participants included in the study.
Data Collection and Analysis
Data on adherence behavior (self-reported adherence to prescribed medication doses, dietary and other instructions in the 4-day period and weekend preceding clinical visit and assessment), and sociodemographic characteristics of study subjects were retrieved and extracted onto standardized data extraction sheets by trained research assistants, from a modified, prevalidated, selfadministered Adult AIDS Clinical Trial Group (AACTG) adherence questionnaires, which were used to collect the primary data at baseline and 6 months follow-up period. Only 224 patients who completed 6 months' follow-up assessment out of the 242 enrolled at study commencement were included in the final analysis. Data extraction forms were reviewed periodically for completeness, correctness and accuracy by the site study coordinator. Adherence-the outcome of interest in this study-was measured on a continuous scale ranging from 0 to 100, and scores were calculated using a standardized adherence index formula adopted from Reynolds et al, 16 which took into account number of missed drug doses and period of missed medications. Adherence scores were further categorized into two levels based on WHO 2005 recommendations, and included (a) optimal adherence-a patient who reportedly misses <3 doses of drugs per month, considered as >95% adherence and (b) suboptimal adherence-a patient who reportedly misses 3 or more doses of drugs per month, considered ≤95% adherence (WHO, 2005). Multivariate binary regression models were used to examine the relationship between adherence behavior (adherence level after 6 months' follow-up), the independent predictor variables as well as their interaction terms using SPSS version 22 and R software. Statistical significance was set at P < .05, otherwise adjusted accordingly for multiple comparisons/categories.
Results
Distribution of Respondents by Sociodemographic Characteristics and Adherence
The sample consisted of 242 patients, 215 (88.8%) of whom were males and 27 (11.2%) were females (Table 1) . Of the 242 patients in the sample, only 224 (93%) completed 6 months' Overall, mean baseline adherence did not differ significantly by age group, F(4, 237) = 0.425, P = .79; ethnicity, F(3, 238) = 0.150, P = .93; income distribution, F(4, 237) = 0.156, P = .96; education level (t = −1.173, df = 240, P = .24) and employment status, F(4, 237) = 1.144, P = .34. Patients who resided in semiurban areas had significantly higher mean baseline adherence (90.90 ± 8.9) compared with those who resided in urban (80.25 ± 19.7) and rural (68.93 ± 32.0) locations. This picture was, however, slightly different at 6 months' follow-up period where mean adherence was observed to differ significantly by education level (t = −2.251, df =159.319, P = .026) and residential location, F(2, 221) = 3.188, P = .043. Overall, mean adherence increased significantly from baseline value of 82.81 ± 27.2 to 91.72 ± 8.2 at the end of 6 months' follow-up period (t = 4.472, df = 223, P = .001). The proportion of respondents with sub-optimal adherence was 39.7% ( Table 1 ).
Association of Socioeconomic and Demographic Factors With Adherence Level
In exploring the relationship between adherence behavior (adherence level after 6 months' follow-up) and independent predictor variables, both univariate and multivariate regression models were fitted to test the association and isolate significant predictors of adherence behavior. At univariate level, Table 2 shows that patients who attained bachelor degree and above had more than twice higher odds of optimal adherence compared with those whose highest education level was less than bachelor degree (odds ratio [OR] = 2.247; 95% CI = 1.203-4.199; P = .011). The results also showed that the odds of achieving optimal adherence appeared to increase significantly as respondents' monthly income increased. We observed that those who earned RM 3500 and above had about 3.6 times higher odds of optimal adherence compared with those who earned RM 1500 and below (OR = 3.600; 95% CI = 1.316-9.851; P = .013). Respondents who were government employees had about 4.6 times higher odds of optimal adherence compared with respondents who were unemployed (OR = 4.643; 95% CI = 1.088-19.820; P = .038). Table  2 also reveals that respondents who resided in urban location had more than twice higher odds of achieving optimal adherence compared with those who resided in rural locations (OR = 2.461; 95% CI = 1.035-5.854; P = .042). Expectedly, respondents who were in the intervention arm of the parent study had about 3.5 times higher odds of achieving optimal adherence compared with those in the control arm (OR = 3.451; 95% CI = 1.865-4.929; P = .020). Conversely, gender, ethnicity, and age were not significantly associated with adherence behavior.
To achieve a most parsimonious and robust multivariate regression model, variable selection process considered a significance value of <0.25 17, 18 at univariate analysis level, as well as biological plausibility criteria. Using the "Enter Method" of variable selection, all significant predictors at univariate level, including age, treatment group, and HAART regimen were included in the model. After controlling for the effect of age, treatment group, and HAART regimen, which could potentially confound the relationship between adherence behavior and other independent predictors, a multivariate binary logistic regression model was fitted to isolate and explain the observed relationships. The logistic regression model was statistically significant, χ 2 (16) = 31.759, P = .011. The model explained 17.9% (Nagelkerke R 2 ) of the variance in adherence and correctly classified 65.6% of cases. Table 3 showed that respondents who earned monthly income of RM 5000 and above were 5.1 times more likely to achieve optimal adherence than those who earned RM 1500 and below (adjusted odds ratio [AOR] = 5.134; 95% CI =1.533-17.197; P = .008). Similarly, those who earned RM 3500 to RM 4999 had about 3.5 times higher odds of achieving optimal adherence than those who earned RM 1500 and below (AOR = 3.530; 95% CI = 1.035-12.039; P = .044]. Chinese respondents were about 50% or twice less likely to achieve optimal adherence compared with Malays (AOR = 0.498; 95% CI = 0.252-0.983; P = .044). No other sociodemographic variables or the interaction terms included in the model significantly predicted adherence behavior. 
Discussion
Study Population
The age and gender characteristics of our study sample are similar to overall distribution among HIV positive population in Malaysia. [19] [20] [21] Albeit with a lower proportion compared with previous reports, 22 Malays constituted greater proportion in the current study. We observed a higher income and education level among the study participants compared with previous reports elsewhere in Malaysia. 20, 21 
Summary of Main Findings
The proportion of respondents with suboptimal adherence was relatively high. We found in this study that higher monthly income and Chinese race were significant predictors of adherence behavior. Higher income earners had more than 3.5 times higher odds of achieving optimal adherence compared with low income earners. Chinese respondents were about twice less likely to achieve optimal adherence than Malays. 
Comparison With Existing Literature
Per WHO (2005), minimum adherence levels of 95% are required for treatment success. 13, 23 Poor adherence leads to treatment failure, disease progression, and death (WHO, 2007) . With treatment failure, the preventive opportunity that ARVs provide is also lost. Poor adherence has grave socioeconomic impact on program funding because second line medications are more expensive and complex. 24 In both resource-rich and resource-limited settings across the world, previous studies have established that black and non-white race/ethnicity was significantly associated with nonadherence to ART. 25 Unlike in other parts of the world, race/ethnicity has been rarely associated with ART adherence behavior among Asians. One of the largest Asian studies, the TREAT Asia Studies to Evaluate Resistance Monitoring Study (TASER-M), which examined factors associated with suboptimal adherence among 1316 patients from 12 clinical sites across Thailand, Hong Kong, Malaysia, the Philippines, and Indonesia reported an association between suboptimal adherence and mode of HIV exposure, ART regimen, time on ART and frequency of adherence measurement. 26 No sociodemographic variables were reported to have been associated with adherence behavior in the TASER-M study. In other studies, younger age, female gender, lower literacy level, social and behavioral factors such as cost of antiretrovirals and/or health care, non-HIV disclosure, travel time, stigma, and alcohol use have been more commonly associated with the failure to adhere to ART among Asians 27 and Malaysians. 21 While it is possible that most Asian studies failed to demonstrate a positive association between race/ethnicity and ART adherence, perhaps because of predominance of a single race/ethnic group in the countries in which the studies were conducted; the current study highlights an interesting dimension to this relationship in what may be termed as a fairly balanced, multiracial (Chinese vs Malay), low-to-middle income setting of this study. The penchant of Chinese patients, like some Africans, 28 to engage in the use of traditional herbal and alternative medicine and supplements, as demonstrated by more than 62% of the Chinese respondents in the current study, may partly explain their observed lower odds of achieving optimal adherence to ART. 21 According to WHO, poverty is a significant determinant of disease occurrence. Very few studies have identified poor financial incentives that include out-of-pocket expenses and high transportation costs from frequent hospital visits as some of the factors that contribute to nonadherence. In most resource-limited settings, patient's income is a direct correlate of their ability to make out-of-pocket payments for drugs, diagnostics, and clinical services at the point of care. This, in addition to huge transportation costs, often resulting from disproportionately long distance travel to health facilities and frequent visits, places low-income patients at a disadvantage of consequent poor adherence. In the current study, like few other studies in United States, South America, Africa, and Asia, 2,21,29 higher income was significantly independently associated with optimal adherence. While literature evidence suggests that this relationship is inconsistent, the strong association between income and adherence behavior observed in this study does not appear to have been mediated by literacy level or employment status both of which were not significant predictors of adherence behavior in our multivariate model. This is further supported by our finding that majority of Chinese patients in this study were high income earners, worked for private organizations, and with a substantial proportion of them attaining bachelor degree and above.
Most of the Asian studies that identified cost as barrier to adherence were conducted in India, 30 which has a substantially higher number of HIV-positive population than Malaysia, and for which antiretroviral therapy are either fully paid for by the patients or subsidized through health insurance plans or contributions. In contrast, however, despite the existing 50% to 60% unmet needs for ARV, cost of first-line ARV for patients enrolled into care in government hospitals remains free and fully sponsored by Malaysian government. Medication costs for those on second-line ARVs are highly subsidized by the Malaysian Government and other philanthropic organizations. 19 It is instructive to point out that all the participants enrolled in this study received first-line antiretroviral therapy free of charge from the government hospital where this study was conducted. In addition, biochemical investigations (CD4 count, viral load, full blood count, liver function tests, renal profile) were also provided free of charge when required. It would appear then, that the only HIV care-related costs borne by our study participants were cost of transportation for clinic attendance and feeding. Majority (>95%) of the respondents in our study lived within 100 km radius of the study location, and were only required to visit the clinic an average of 5 times over the 6 months' period of this study (at ART initiation, 2 weeks later, 1 month thereafter, and at 3 and 6 months post-ART initiation). The hospital is accessible by subsidized public bus and rail transport systems with an average travel cost ranging from RM25 to RM65 (costs may be higher for those who use taxis). For low-income earners (<RM1500), this cost may be substantial, especially if they are required to make additional visits to the hospital for special consultations/follow-up or drug pick-ups. This probably explains the reason why low income earners were at higher odds of suboptimal adherence in this study.
Although inconsistent literature evidence suggests an independent association between employment status and ART adherence behavior, 15 the findings of this study did not establish any such association among our Malaysian cohort. Our finding is further supported by a systematic review by Nachega et al, 15 which found no significant association between employment status and ART adherence in studies from middle income countries. It is therefore not surprising that Malaysia, being an upper middle income country with a considerably low unemployment rate and robust social support systems, exhibits no significant effect of employment status on ART adherence behavior. Similarly, this study, unlike previous similar studies, failed to establish any association between ART adherence behavior and age and gender, although such associations have been with a lot of inconsistencies. 2, 3 In general, because adherence exhibits both intra-and-interindividual variability, sociodemographic characteristics such as age, gender, ethnicity, educational level, and residential location have produced largely inconsistent results as predictors of adherence. 4, 5 The findings from this study could be particularly useful in informing targeted interventions to address ART adherence behavior among low income earners and the Chinese HIV positive subpopulation in Malaysia.
Conclusion
Although inconsistencies in the association between sociodemographic and other predictors of adherence behavior have been documented in literature over the years, the findings from this study provides additional support to the growing body of evidence on the strong relationship between patient's income and their adherence behavior, particularly in concentrated epidemics and low-to-middle income economies. To the best of our knowledge, this study is the first to establish the association between race/ethnicity and adherence behavior among HIV positive population receiving ART in Malaysia. At the level of individual patient care, this information becomes very valuable to the pretreatment, collaborative adherence strategy planning between the patient and provider, if successful treatment outcomes are to be achieved. At program-level, our finding underscores the importance of intersectoral collaboration in the areas of poverty reduction, job creation and socioeconomic empowerment to the success of health programs.
Limitations
This study has some important limitations. First, the predictors explored in this study were limited largely to socioeconomic factors without cognizance to other patient-related factors (such as beliefs, depression, perceived improvement in health status, disclosure status, personal circumstances-forgetfulness, fasting, family support, etc) that could potentially affect adherence to treatment. Other treatment-related factors like use of herbal or alternative therapies, presence of other comorbidities, and baseline CD4 count and viral load were also not considered in this analysis. Second, a qualitative explanatory study would have provided further and deeper insights into these relationships, but this was not considered as it was beyond the scope of this study.
